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The current global SARS-CoV-2 pandemic (COVID-19) represents a health crisis with few precedents in history; at the time of writing this article, SARS-CoV-2 caused about 6.42 million infected and about 383,000 deaths \[[@CR1]\]. SARS-CoV-2 infection, in the most severe cases, can cause tissue hyperinflammation, fibrosis and scarring, lung collapse, multi-organ dysfunction, and patient death. \[[@CR2]\] To date, no effective or antiviral vaccines against SARS-CoV-2 are available, so it is very important to decrease the aggressiveness of the viral infection, avoiding serious complications and patient death. The excessive inflammatory state, associated with the presence of fibrotic tissue induced by SARS-CoV-2, has been shown to play a key role in clinical cases considered more critical. \[[@CR3]\] In the more severe stages of viral infection, excessive release of pro-inflammatory mediators, such as cytokines, leads to lung damage with extensive fibrosis and rapid onset of respiratory distress syndrome. \[[@CR4], [@CR5]\] The use of agents to prevent or reduce fibrotic status, such as pirfenidone, may be therapeutically effective in preventing serious or fatal complications. Pirfenidone is the drug of choice in the treatment of idiopathic pulmonary fibrosis (IPF) \[[@CR6]\] and with a pleiotropic mechanism of action reduces the fibrotic and inflammatory state of lung tissue. Its therapeutic efficacy could also benefit healed patients with consequences on lung tissue with a state of fibrosis. In addition, a combination therapy of anti-inflammatories and antifibrotics such as pirfenidone could lead to additional clinical benefits, using low dosages and decreasing the risk of toxicity.

The clinical aspects of the three phases of SARS-CoV-2 infection and similarities with IPF {#Sec2}
==========================================================================================

The first cases of SARS-CoV-2 infection were recorded in November 2019 in China; then, rapidly, they spread to all countries around the world causing thousands of deaths. SARS-CoV-2 infection in the most severe stages can rapidly cause respiratory distress syndrome. According to observational studies conducted, the majority of patients considered severe cases present bilateral interstitial pneumonia and a hyperactive inflammatory state that is not only localized in lung tissue but in all tissues of the body causing multi-organ dysfunction \[[@CR7], [@CR8]\]. SARS-CoV-2 infection has, according to scientific advice, been divided into three stages, the first as asymptomatic or slightly symptomatic with symptoms such as mild sore throat and abdominal pain and the second and third more severe stages presenting a generalized inflammatory state and respiratory distress syndrome. Studies have shown that bilateral interstitial pneumonia, so called because it attacks the tissue covering the pulmonary alveoli, is associated with the presence of fibrotic tissue caused by excess collagen (fibrosis) in the pulmonary interstitium with hyperinflammation present \[[@CR9]\]. Phases two and three are the most severe, and the presence of inflammation in the lungs and fibrotic tissue requires timely immunomodulatory and anti-inflammatory treatment. However, based on descriptions of symptomatology and diagnostic investigations of early observational studies, one might think that the use of a drug currently indicated for pulmonary fibrosis such as pirfenidone could bring great additional benefits both during viral infection and in the post-healing phase with residual pulmonary fibrotic damage \[[@CR10]\]. The rationale for using antifibrotic therapy is based on the characteristics of pulmonary fibrosis observed in COVID-19, ranging from fibrosis associated with organic pneumonia to severe acute lung injury, where a rapid evolution towards widespread fibrotic change is observed \[[@CR11]\]. In the most severe and fatal cases, pulmonary fibrosis is generally present \[[@CR12]\] and also severe fibrotic organic pneumonia. The presence of pulmonary fibrosis is probably a consequence of the cytokine storm. Some of these biological and pathological features are shared with idiopathic pulmonary fibrosis (IPF) such as chronic inflammatory fibrotic lung disease caused by the synthesis and release of pro-inflammatory cytokines, including tumor necrosis factor alpha (TNF-α) and interleukin-1-beta (IL-1β). Antifibrotic therapy with pirfenidone, a drug indicated for the treatment of IPF, could therefore play a key role in preventing serious or fatal lung complications. However, antifibrotic therapy could play an even more important role in combined regimens, once identified, with effective anti-inflammatory treatments. Combination therapy could act on the main anti-inflammatory and antifibrotic pathways in a synergistic way, mitigating the consequences of pulmonary fibrosis.

The potential therapeutic role of pirfenidone to fight SARS-CoV-19 {#Sec3}
==================================================================

Pirfenidone, for the treatment of IPF, is administered orally, 3 times a day, 2 or 3 tablets each time, for a minimum of 4 weeks. The mechanism of action of pirfenidone has not yet been fully determined and clarified. However, existing data indicate that pirfenidone has both antifibrotic and anti-inflammatory properties, which have been tested in a variety of in vitro systems and animal models of pulmonary fibrosis (bleomycin-induced fibrosis and transplant fibrosis). Pirfenidone has been shown to reduce the accumulation of inflammatory cells in response to various stimuli \[[@CR13]\]. Pirfenidone is able to mitigate the proliferation of fibroblasts, the production of proteins, and cytokines associated with fibrosis; it also mitigates the increase in biosynthesis and the accumulation of extracellular matrix in response to cytokine growth factors such as transformative growth factor beta (TGF-β) and platelet-derived growth factor (PDGF) \[[@CR14]\]. There are currently no standardized therapeutic protocols to manage phases two and three of COVID-19 infection. Several clinical trials are underway to define the most appropriate drugs and doses to be used in the different stages of infection. However, it is certain that COVID-19 lung lesions are caused by a cytokinic storm leading to a hyperinflammatory and fibrotic state; therefore, control of this phase is essential to avoid serious complications and patient death.

To date, the therapeutic efficacy of pirfenidone in pulmonary fibrosis induced by SARS-CoV-2 is still being demonstrated in clinical trials. Nevertheless, some evidence has already demonstrated the efficacy of antifibrotics in patients with pathogenic profibrotic pathways caused by immune/inflammatory dysregulation, which may have similarities with those caused by SARS-CoV-2 infection \[[@CR15], [@CR16]\]. In addition, available studies potentially suggest that antifibrotic therapy, if used at the onset of SARS-CoV-2 infection, could be very effective in reducing and preventing fibrotic damage caused by inflammatory/immune dysregulation \[[@CR17], [@CR18]\]. A key aspect to consider is the timing of the onset of the antifibrotic action and the therapeutic efficacy of pirfenidone. In some severe cases of SARS-CoV-2, the evolution of the infection may be very rapid, and pirfenidone may not act with rapid efficacy. Again, evidence shows that pirfenidone has pleiotropic effects \[[@CR19]\] in reducing inflammation and antioxidant action associated with a reduction in the fibrotic state (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Pleiotropic effects of pirfenidone

These pleiotropic effects could add value to the therapeutic potential against COVID-19 \[[@CR13]\]. In addition, immunomodulants such as IL-1 and IL-6 inhibitors, or anti-inflammatory, could be combined with pirfenidone to have an impact therapy that acts early on inflammation and fibrotic state. Finally, studies have shown that some patients cured of COVID-19 had pulmonary fibrotic tissue residues; also in this category of patients, the use of pirfenidone as therapeutic treatment after infection could be effective. For a possible relevance to the pulmonary outcomes of COVID-19, it should be noted that, recently, for pirfenidone, the revolutionary therapy status (which accelerates the drug approval process) for fibrous interstitial lung disease has been recognized by the FDA. However, some issues remain to be clarified. First, what is the effect of antifibrotic molecules such as pirfenidone on internalization and viral replication COVID-19?

Conclusions {#Sec4}
===========

The global COVID-19 pandemic is a health and economic emergency. Many features of biological processes leading to acute respiratory distress syndrome caused by SARS-CoV-2 infection are partly shared with IPF. Antifibrotic drugs such as pirfenidone may have therapeutic potential to prevent or reduce fibrotic lung lesions of the ongoing COVID-19 infection, or in patients already healed but with fibrotic consequences. In conclusion, we hope that the observations highlighted will induce the scientific world to work on well-designed studies of antifibrotic therapies for severe COVID-19 pneumonia.
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